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2,600,463 
IETHOD FOR CORRECTING ELECTRONÏC 
OPTICAL SYSTEIS 
François Bertein, Paris, France, assignor fo Com- 
pagnie Generale de Telegraphie Sms Fil, ït 
corporation of France 
Application December 24, 1948, Serial No. 67,195 
In France Sanuary 26, 1948 
1 Clim. (CI. 315m8) 
12,228 for "Method of and Apparatus for Cor- 
recting Electron Optical SYstems" filed on March 
I, 1948, now Patent No. 2,547,994, I disclosed a 
method for correcting the trajectories of the 5 
electron or ion beam, in electronic optical in- 
struments, which comprises arranging about the 
beam, outside the lenses, a system of electrodes 
adapted to be supplied with voltages of suitable 
value or a system of coils adapted fo be supplied 10 
with excitation currents of suitably chosen 
strength. 
The present application relates to a number of 
devices that enable, on the one hand the ellip- 
ticity astigmatism of the beam fo be more effi- 15 
ciently corrected, and on the other hand the ef- 
fect of stray alternating .current fields on the 
beam to be neutralized. 
Figures 1, 2 and 3 show three convenient em- 
bodiments of a system of electrodes enabling the 20 
astigmatism of the beam to be corrected, accord- 
ingto the first object of this invention. 
Figs. 4, 5, 6,  and 8 relate to circuit diagrams 
of a device for enabling the effect of stray fields 
on the beam to be neutralized, according to the 25 
second object of my invention. 
It is to be understood that ail these embodi- 
ments are indicated by way of a non-limitative 
example and ïor the sole purpose of enabling the 
invention fo be understood more clearly. 30 
A first object of the present invention relates 
to devices for correcting the astigmatism of the 
beam. 
In a first embodiment (Fig. 1), the correcting 
device comprises two e]ectrodes X, Y, arranged 35 
in a metal cylinder of revolution C, the axis of 
which coincides with the axis ' of the instru- 
ment, said two electrodes are two rectangular 
portions of C, each having an .angulár opening 
equal to 90 ° about s's; they are juxtaposed and .40 
are respectively aised to suitable potentials V 
and V, whereas the remainder of the cylinder is 
grounded. 
In a second embodiment (Fig. 2), which is 
more efficient than the previous one, each of the 45 
electrodes X, Y comprises two rectangUlar por- 
tions cut out as hereinbefore in a metal cylinder 
of revolution C, the axis of which is 's, and 
having an angular opening equal fo 45 ° about 
said axis; the two portions X are both raised fo 50 
a potential V and the two portions Y fo a poten- 
tial V, whereas the remainder of the cylinder is 
again grounded. 
It is moreover hot essential for the electrodes 
X, Y fo be curved. Ïn a third embodiment, a 55 

2 
square based prism (or cylinder) C is provided 
for example (Fig. 3), the axis O.f Symmetry of 
which is z'z and on the faces of which are cut out 
the rectangular electrodes X and Y Which, as in 
the previous cases, are raised to potentiáls V 
and Va respectively. 
The correcting system such as has just been 
described is arranged in the actual bòdy of the 
electronic optical instrument, along the axis Of 
said instrument, preferably after the objective 
and after the diaphragm and ifs centring device. 
If is fixed to the objective block by means of a 
muff-coupling which supports the cylinder of the 
corrector by means of an insulating support, 
made of a transparent plastic for eXample. 
If should be noted that the foregoing devices 
apart from correcting the astigmatism of the 
beam, also enable, by suitably dimensioning the 
positioning the elecimodes, other faults to be cor- 
rected which are due to the fact that the elec- 
tron beam is badly aligned along the axis owing, 
for example, to a wrong direction initially im- 
parted to the gun or .a diaphragm which is out 
of center, or incorrectiy centered electron lenses. 
A second object of the present invention re- 
lates to the neutralization of the effect of stray 
alternating current fields in elecoeonic optical 
insfirument. 
It is known that such stray fields» which are of 
a magnetic nature, arê produCed by sources of 
supply which are located nearby and are in- 
sufficientiy screened. They exert forces on the 
electron trajectories that impart a vibration 
thereto, so that the impacts of said trajectories 
on the final observation screen are hot absolutely 
stationary. Thus, if the spot of an insuflïciently 
protected oscillograph is examined, a certain 
movement along a small segment or an ellipse 
can ofen be observed, even with the naked eye.. 
In the case of the electron microscope, the 
elimination of such a mobility of the spot is more 
essential as the greater magnification of the in- 
strument tends to amplify it, which bas the ef- 
fect of decreasing the separating power of the 
microscope. 
If bas been shown, m0rëovër, that the sensitive 
portion of the trajectbries in the ëlectr0n micro- 
scope is located between the objective and the 
projection lens, and said portion is protected in 
general by surrounding it with a tube of high 
magnetic permeability metal; but the screening 
effect thus obtained is neveï complete. 
The devices which are the subect of the pres- 
ent invention are intended for protécting ar elec- 
tronic or ionic optical instrument from any stray 
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alternating current fleld. This protection may 
be exerted with respect to a predetermined fre- 
quency (that of the electric supply system for 
example) or with respect to a range of low fre- 
quencies. It acts by correcting the disturbance 
due to the stray fleld, the correction being based 
on the production, by the stray fleld itself, of an 
electric fleld of the same periodicity, which is 
proportional to the stray fleld and which exerts 
on the electron or ion beam an effect that ex- 10 
actly compensates the effect of the stray field. 
According to the diagram of Fig. 4, which cor- 
responds to the case of a vertical alternating 
current stray field, the mechanism of this com- 
pensation, in the electron microscope, is as fol- 15 
]ows: 
A coil B with a horizontal winding is arranged 
near the microscope, the objective of which is 
L1, the projection lens of which is I_, and the 
axiæ z'2 of which is aææumed to be horizontal; 20 
the stray field H which tends to disturb the 
eration of the instrument, induces in B an alter- 
nating current voltage u which is transformed 
into a voltage of the saine periodicity v by means 
of a suitable amp]ifying system which is dia- 25 
grammatically represented in the figure by the 
parallelepiped block A. 
On the other hand, in the microscope itself, on 
either side of the beam and preferably at the 
ourlet of the objective L1, are arranged two plates 
Po and P of the type of those of the defiecting 
systems of cathode ray oscillographs; Po is 
grounded, whereas the voltage v is applied te P. 
An electric field E is thus set up in the space 
between Po and P, which exerts the required 35 
compensating action on the beam provided that 
E is horizontal, that is te say that the plates Po 
and P are vertical; that the variation of E is in 
phase with that of H, that is to say that the volt- 
age v is in phase quadrature with u; ïmally that 40 
the various elements of the system are so chosen 
that the following equation exists between the 
various parameters: 
(1) NS 105KV---(in centimetre-volts) 45 
wherein: 
N is the number and S the area of the convolu- 
tions of the coil B; 
K is the coefficient of screening of the tube sur- 5O 
rounding the beam; 
V, the acceleration voltage of the electrons; 
, the frequency of the stray field tt (te an ap- 
proximation of 2) ; 
e, the distance between, and 1 the length of, the 55 
plates Po, P; 
D, the distance between the objective and the 
projection lens of the microscope; 
G, the voltage gain of the circuit A. 
6O 
If the periodically variable fleld H is not 
sinusoidal, in order that the compensation ihall 
be more colectly effected, it is necessary for 
the three above conditions to be satiafled for 
each of the comportent frequencies of tt. Thii 65 
involves a circuit A such that, in the range of the 
îrequencies coniidered, the difference of phase 
between the output voltage and the input voltage 
is conætantly 90 ° and the voltage gain variei ai 
1 70 
It is possible to see that these two conditions are 
not only compatiblei but also follow from one 
another. 
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In the general case, the stray fleld varies in 
any manner in periodicity and in direction, but 
the disturbing effect is solely produced by its 
transverse component, i. e. its component which 
is at right angles to the axis of the instrument. 
If said transverse comportent is still designated 
by H, ifs disturbing action can be expressed by 
KH, K being a coefficient which is generally of 
the order of 
1 
5oo 
The diagrammatic device of Fig. 4 effects the 
compensation of the vertical comportent H of 
H; the compensation of its horizontal component 
I-I can be obtained by means of a similar device, 
but turned 90 ° about the axis z'z of the instru- 
ment, as shown in Fig. 5. 
In the general arrangement diagram of said 
Fig. 5, the transverse comportent H of the dis- 
turbing field is at each instant the resuitant of 
the vertical field H and the horizontal fleld H. 
The coil B, which is at right angles to I-I, sup= 
plies the compensating voltage for H to the pair 
of plates Po, P by means of the circuit A; sire= 
ilarly, the cofl B', which is at right angles to 
supplies the compensating voltage for H to the 
pair of plates P'0, P' by means of the circuit A' 
which is similar to A. 
The foregoing device effects a suitable com- 
pensation of the stray fleld in the case in which, 
in the sensitive region of the microscope, said 
stray field is sufficiently uniform. In the more- 
over exceptional case in which the stray fleld 
is hot uniform, it would still be possible to 
tain a suitable compensation by dividing each 
coil into fractions and by arranging the varioui 
elements along the tube of the instrument in 
such a manner ai to collect a mean value of the 
disturbing field; furthermore, the sounding thus 
arranged should be more particularly effected 
adjacent the objective, since that is the point 
where the most sensitive zone for the beam is 
located. 
Of course, the scope of the invention would hot 
be exceeded if, instead of using particular elec- 
trodes P0, P and P'0, P', the electrodes that al- 
ready exist in the instrument were used; in par- 
ticular, this solution would decrease the number 
of additional voltage leads in the vacuum cham- 
ber. Moreover, it is hot necessary for the com- 
pensating electrodes fo be parallel plates; it is 
always possible to use for this purpose the various 
adjusting or coecting electrodes contained in 
the instrument, the natural function of such 
electrodes being in no way modified by the 
ditional part they are marie to play. 
In this respect, Fig. 6 gives an example of a 
compensating device according to the invention, 
wherein the plates are replaced by the electrodes 
of a cylindrical system about the axis z'z of the 
instrument; p and p' are the potentiometers 
which effect the pre-existing adjustment of the 
electrode system. It should be noted that, in an 
embodiment of this kind, the outputs of the cir- 
cuits A and A' are no longer connected across 
an infinite impedance, and it ii neceiiary to 
take this into accourir in the conditions of com- 
pensation. 
Finally, by way of non-limitative examples, 
two embodiments are given of the circuits A and 
A' and are respectively shown diagrammatically 
in Figs. /and 8. 
In the example of Fig. , condensers C and C' 
form, with the coils B and B' respectiielYi reso- 
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riant circuits which are tuned to the frequency 
of the stray fleld fo be eliminated. In this case, 
if is in general necessary fo insert magnetic cotes 
in the coils in order to enable the conditions of 
reæonance to be obtained conveniently. The 
compensation is only effected for the resonance 
frequency, for example the industrial frequency 
of 60 cycles. 
In the example of Fig. 8, each of the circuits 
A and A' which charge the pairs of electrodes 
P, Po and P', P'o, is provided with an amplifying 
valve. In the circuit A of the coil B, the reslst- 
ances R1, R, the capacities C1, C, and also the 
internal resistance and the coefficient of ampli- 
fication of the tube T, must bé so chosen that 
the Equation 1 hereinbefore given is satisfled, for 
example for all the disturbing low frequencles. 
The elements R't, R', C'1, C' and T' of the cir- 
cuit B' must be chosen in the same manner. 
The foregoing arrangement requires a careïul 
filtering of the anode supply voltage, if the saine 
is supplied by a rectifier; otherwise there would 
be an alternating fluctuation that would be 
transmitted to the plate P, Po or P', P'o af the 
same rime as the correcting voltage and wouid 
impair the compensating effect thereof. The sys- 
rem (C, R1) or (C', R') moreover contributes 
to such a flltering. 
The adjustment of the compensating system 
is effected in an extremely simple manner: a 
sufficiently intense alternating current fleld Is 
set up near the microscope fo produce an aberra- 
tion which can be clearly discerned by the eye; 
the potentiometers R, R' can then readfly be 
adjusted to eliminate the optical ïauit. The com- 
pensation does hot depend on the intensity of the 
flelds and is consequently effected Ipso facto for 
any stray flelds. 
Fina!ly, the sc0pe of the invention  n0t b e 
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exceeded if, as hereinbefore stated, magnetic 
compensating members, such as deflecting coils 
associated or hot with magnetic cores, are used 
instead of deflecting plates. 
5 What I claim is: 
In an electronic optical instrument compris- 
ing an envelope enclosing an electron beam, 
means for focussing the said beam, an electrode 
system for correcting the effect of stray alter- 
lo nating current fields on said beam, said system 
being formed of two pairs of deflecting plates, the 
plates of one of said pairs being substantially 
parallel to each other, and substantially per- 
pendicular to the plates of the 0ther pair of 
15 plates, the said plates being arranged symmetri- 
cally around the said beam irSidë OEe envelope 
of Said instrument, two coils whose axls are sub- 
stantially perpendicular to each other arranged 
in the vicinity of said beam and located outside 
2o of the envelope of said instrument, means for 
amplifying the voltages induced in said coils by 
the stray alternating current flelds, means for 
ïeeding the ampllfied voltage of one of said cofls 
to one of said pairs of deflecting plates, and 
25 means for feeding the amplifled voltage of the 
other coil to the other pair of plates. 
FRANÇOIS BERTEIN. 
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